
United States Patent and Trademark Office 



UNITED STATES DEPARTMENT OF COMMERCE 
United States Patent and Trademark Office 
Address: COMMISSIONER OF PATENTS AND TRADEMARKS 

Washington, D.C. 20231 

www.uspto.gov 



[ APPLICATION NO. 


FILING DATE 


FIRST NAMED INVENTOR 


ATTORNEY DOCKET NO. 


CONFIRMATION NO. 


09/832,141 




04/09/2001 


John W. Chrisman III 


4826US 


8520 


7590 


04/17/2003 









BRICK G. POWER 
TRASK, BRITT & ROSSA LAW OFFICES 
P.O. BOX 2550 

SALT LAKE CITY, UT 84110 



EXAMINER 



PIERCE, WILLIAM M 



ART UNIT 



PAPER NUMBER 



3711 

DATE MAILED: 04/17/2003 



Please find below and/or attached an Office communication concerning this application or proceeding. 



PTO-90C (Rev. 07-01) 



Application/Control Number: 09/832,141 Page 2 
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(5) Summary of Invention 

The summary of invention contained in the brief is correct. 

(6) Issues 

The appellant's statement of the issues in the brief is correct. 

(7) Grouping of Claims 

Appellant's brief includes a statement that claims 1 ,10, 20 and 27 do not stand or fall together and provides 
reasons as set forth in 37 CFR 1.192(c)(7) and (c)(8). 

(8) Claims Appealed 

The copy of the appealed claims contained in the Appendix to the brief is correct. 

(9) Prior Art of Record 

4,722,815 Shibanai 2/1988 

4,293,602 Coffey etal. 10/1981 



4,762,493 Anderson 8/1988 

(10) Grounds of Rejection 

The following ground(s) of rejection are applicable to the appealed claims: 

Claims 1-3, 5, 7, 8, 10-27, 29 and 31 are rejected under 35 U.S.C. 103(a) as being unpatentable over what 
is old and well known in bowling balls in view of Shibanai. 

As to claims 1-3, 5, 7, 10-19, 20-27, 29 and 31 , bowling balls of nonporous polymeric thermosetting 
resin is old and well known. This is admitted old at the bottom of pg. 2 of Appellant's specification. Lacking in bowling 
balls is the use of a fragrance. However, perfumed polymers intended for the purpose of making plastic articles with 
a fragrance are also well known. Shibanai teaches compounds to be included in synthetic resin products in order to 
enhance their smell. While there is no direct teaching of using his compound in a bowling ball, it has been held that, 
in evaluating a reference, it is proper to take into account not only the specific teaching of the reference(s) but also 
the inferences which one skilled in the art would reasonably be expected to draw therefrom. In re Preda, 401 F.2d 
825, 826, 159 USPQ 342, 344 (CCPA 1968). Additionally, one must observe that an artisan must be presumed to 
know something about the art apart from what the references disclose (see In re Jacoby, 309 F.2d, 513, 516, 135 
USPQ 317, 319 (CCPA 1962). In line with this, one skilled in the art would clearly have found it obvious to have 
applied perfumed compounds, such as Shibanai's in order to make a bowling ball smell better. Where the claims call 
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for a two-part resin and the fragrance being dissolved therein, Shibanai directly teaches that "it is also possible to mix 
perfume... with a synthetic resin compound followed by molding" (col. 1 , In. 26) but that this "direct addition of 
perfume. ..to synthetic resin compound is not as effective as it seems" (col. 1 , 35). Hence Shibanai goes on to teach 
an improved more effective method of adding fragrance to a product that includes forming an inclusion compound 
consisting of perfume included in cyclodextrin. While Shibanai does not detail the old and known methods of "mixing 
perfume" and "direct addition of perfume" that is at least partially dissolved within the resin, such are considered old 
when one further considers Coffey et al. as an example. Coffey teaches that it is an old expedient and would have 
been obvious to mix fragrances to two part resins in the forming of a fragrances polymer product. Edwards and 
Wilbert, are further examples of direct mixing of fragrances with a polyurethane prior to molding. The art is replete 
with the successful addition of fragrance to two part polymer products. The motivation is simply to "impart to other 
polymeric products pleasant odors" (Wilbert, col.1, In. 57). 

The amount of fragrance as called for in claim 8 is considered and obvious matter of choice depending upon 
how strong of a smell is desired. 

Claims 9, 32 and 33 are rejected under 35 U.S.C. 103(a) as being unpatentable over bowling balls in view of 
Shibanai and further in view of Anderson. 

Applying a pigment to polymer resin products to give them color is old and well known. Anderson teaches 
that it is old to apply a color that correlates to a fragrance in a product. To have done so with a bowling ball would 
have been obvious to one skilled in the art for the novelty. 

Applicant's arguments with respect to claims 1-33 have been considered but are moot in view of the new 
ground(s) of rejection. 

(11) Response to Argument 
SECTION A and B 

Appellants remarks are noted but no response is deemed necessary since they merely set forth his 
interpretation of controlling case law and the applied art. 
SECTION C 

In the first office action, the applied art and the rejection set forth by the examiner made it clear that adding 
fragrance in general to plastics is old and well known. Shinbanai, the primary reference, shows a plastics additive 
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containing perfumes and gives numerous examples pertaining to its use in thermoplastics. In response to this first 
office action, appellant added the term "two-part resin" to the claims. 

First, one must look at the terms used in the claims in order to determine their scope. As such it is 
necessary to review the specification order to establish whether the meaning of those terms and phrases given by the 
applicant in the context of the application should be accorded any meaning different from the usual and customary 
meaning of the claim terms. Upon doing such, it can be concluded that any plastic made up of two components can 
be considered a "two-part resin". Supporting this conclusion can be found in the specification where it notes that 
"conventionally, bowling balls have been formed from machinable, thermosetting plastic materials." (pg. 2, [0002]). 
Paragraph [0004] of pg. 2 discusses reactive polymers that require the addition of a catalyst for polymerization. 
Nowhere in the specification does appellant consider or define polymers requiring a catalyst (such as the ones 
discussed in paragraph [0004]) to be defined as "two-part resins". Compounded by the fact that many known 
thermosetting resins contain other numerous components such as fillers, promoters, inhibitors and reactive 
components such as Isocyanates (used commonly to produce polyurethane foams or cellular rubber). To the extent 
that known thermosetting resins can be "two-part" based upon its composition including more than one component in 
its making, there is no distinction between the "thermosetting" resins to which Shibanai discloses adding his fragrance 
material and one, such as an epoxy resin, requiring a catalyst. For example Shibanai is considered to disclose a 
"two-part" resin of a "synthetic resin compound and glycitol(s)" (col. 17, In. 51). 

Lastly, even if one were to recognize the term of "two-part resin" to mean a polymer of the type requiring a 
resin. These resins are still "thermosetting resins" per se. However, the heat required for polymerization is provided 
by a chemical reaction (. Note pg. 4 of the Handbook of Reinforced Plastics that list "epoxy resins" as a 
"thermosetting resin". On pg. 71, In. 16, these epoxy resins are of the type requiring "hardeners or curing agent" that 
react to polymerize the resins. As can be clearly seen by the Handbook, one skilled in the art of plastics fully 
recognizes the uses, properties and manufacturing practices for making products and selecting a material for its 
intended purpose. 

Appellant's initial remarks at the top of pg. 1 1 of the Brief alleging that Shinbanai are "limited to use of a 
thermoplastic resin" are moot in view of the ordinary level of skill as discussed above. In the first point above, it is 
shown that thermosetting resins, such as those in Shinbanai, can be considered to be "two-part" resins within the 
scope of the claims since they can contain fillers and other additives. In the last portion of the discussion above, it is 
shown that there is no distinction in the art between "one-part" and "two-part" resins as implied by appellant. Even 
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though a polymer requires a catalyst for polymerization (as opposed to external heat) as in the case of an epoxy 
resin, such are still considered to be "thermosetting resins". 

Claims 11-13, 18 and 19, including polyol in the method of manufacturing of a bowling ball is old. This is 
admitted by appellant on his specification, paragraph [0004]. To further assist the Board in making its determination 
and to appropriately determine what is known in the art, the examiner has appended two websites that discuss the 
uses of Polyol with respect to polyuretharies. Note http://www.kosa.com/poly/specprod.htm and 
http://polvol.svnair.com/Abbut%20Polvols.htm , copies of which are appended to this examiners answer. 

As to claim 20, skill has to be presumed on the part of a person practicing the invention of Shinbanai. 
Known is that once the catalyst is added to polyol, there a "working time" for the resin is set. Mixing the fragrance 
into the polyol prior to the catalyst does nothing more than what would be obvious to the skilled artisan. Further, it is 
clear that the fragrance could be added to the polyol after the addition of the catalyst. However, it would need to be 
done such that it could be uniformly mixed and molded before polymerization were to begin. 

As to claims 20 and 21-26, the removal of gas "trapped" in a polymer mixture is old and inherent in the art of 
plastics. Failure to do so results in an inferior final product made by the visibility of "bubbles" that art trapped after the 
product has fully cured. Surely applicant is not the inventor of removing trapped air or gas known throughout the 
plastics industry. 

As to claim 21 , Webster's New World Dictionary defines "dissolve" as "to merge with a liquid". Shinbanai 
clearly teaches a fragrance that is to be "merged" with a liquid polymer. As such, claim 21 is considered fairly taught. 

As set forth above, a catalyst is well known as being used with polyols to cause polymerization. The use of 
a catalyst as called for in claim 23 is not new to the art of plasticsA 

The use of isocyantes as called for by claim24 is old. The Boards attention is drawn to pg. 5 of the 
Handbook. As mentioned previously in the Answer, they are mostly known for having a "foaming" affect on plastic 
compositions. 

Claims 27, 29 and 31 amount to a mere allegation of patentability base on their dependency of claim 1 . 
Since claim 1 has been shown above not to be patentable, these claims too are considered not patentable. 
Neither Shinbanai nor Coffey "teach away" from the instant invention as appellant states at the top of pg. 13. Well 
known is that the teaching of Shinbanai and Coffey are to be read in light of what is known in the prior art and for 
what they "would suggest" . As noted by Shinbanai, the direct addition of certain addatives (for example insecticides) 
are "so volatile, liable to denature and unstable to heat that it is difficult to practice to mold a mixture" (col. 1, In. 40). 
He suggest the it is clearly possible. However, Shinbanai's invention makes it easier and is an improvement upon 
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traditional methods of directly adding such substances to a synthetic resin product. Further note that an artisan is 
not compelled to blindly follow the teaching of one prior art reference over another without the exercise of 
independent judgement. LearSiegler, Inc. v. Aeroquip Corp., 733 F.2d 881, 889, 221 USPQ 1025, 1032 
(Fed. Cir. 1984). First, one skilled in the art would not consider the teachings of Shinbanai to be 
restricted to thermoplastics or thermoset resins. Second, as stated above and as taught by Handbook, 
two-part resins such as "epoxy" are known to be classified as a thermoplastic. 

One wishing to enhance the "smell" of a bowling ball would clearly consider what others before 
them have done to make other plastic product smell better. As such both Shinbanai and Coffey are 
directly analogous to the problem at hand. 

The discussion of "hook" has little to do with whether or not one would be motivated to add 
fragrance to a plastic product. True bowling ball designers a greatly concerned with the surface 
properties of a ball that affects its performance. However, there are no suggestions that the addition of 
an inert substance or filler would change the performance of the ball. Nor is there any evidence of record 
that appellant has overcome any particular performance problems faced with adding fragrances to 
bowling balls. Lastly, it is to be noted that the design of bowling balls has been mostly a trial and error 
process. A ball of a particular compound is made and then its performance is noted. How a ball performs 
and "hooks" depends upon the preference and style of the bowler. The word "motivation" or a word similar to 
"motivation" does not appear in 35 U.S.C. § 103(a). While a finding of "motivation" supported by substantial evidence 
probably will support combining teachings of different prior art references to establish a prima facie obviousness 
case, it is not always necessary. For example, where a claimed apparatus requiring Phillips head screws differs from 
a prior art apparatus describing the use of flathead screws, it might be hard to find motivation to substitute flathead 
screws with Phillips head screws to arrive at the claimed invention. However, the prior art would make it more than 
clear that Phillips head screws and flathead screws are viable alternatives serving the same purpose. Hence, the 
prior art would "suggest" substitution of flathead screws for Phillips head screws albeit the prior art might not 
"motivate" use of Phillips head screws in place of flathead screws. What must be established to sustain an 
obviousness rejection is a legally sufficient rationale as to why the claimed subject matter, as a whole, would have 
been obvious notwithstanding a difference between claimed subject matter and a reference which is prior art under 
35 U.S.C. § 102. Once a difference is found to exist, then the examiner must articulate a legally sufficient rationale in 
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support of a §1 03(a) rejection. The legally sufficient rationale may be supported by a reason, suggestion, teaching or 
motivation in the prior art which would have rendered obvious the claimed subject within the meaning of § 103(a). In 
re Dance, 160 F.3d 1339, 1343, 48 USPQ2d 1635, 1637(Fed. Cir. 1998) (there must be some teaching, suggestion 
or motivation in the prior art to make the specific combination that was made by the applicant); In re Gartside, 203 
F.3d 1305, 1319, 53 USPQ2d 1769, 1778(Fed. Cir. 2000) (the best defense against the subtle but powerful attraction 
of a hindsight-based obviousness analysis is rigorous application of the requirement for a teaching or motivation to 
combine prior art references); Pro-Mold and Tool Co. v. Great Lakes Plastics Inc. 75 F.3d 1568, 1573, 37 USPQ2d 
1626, 1629(Fed. Cir. 1996) ("there must be a reason, suggestion, or motivation *** to combine [the teachings of] *** 
references ***"). Hence, whether bowling balls "hook" or not, does nothing to show insufficient motivation 
to combine the references where the prior art teaches it is desirable to add fragrance to polymer products. 

As to Sinbanai, Coffey and Anderson, Anderson was added to teach the adding color pigments 
that "match" the "smell". Such a connection between sight and smell is well known in the art. As such to 
have a red bowling ball that smells of strawberries is not considered a patentable advance as fairly taught 
by the applied art. 

For the above reasons, it is believed that the rejections should be sustained. 
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Aromatic Polybls From the Complete Polyester Resource 

KoSa offers a diverse line of Terate® aromatic polyester polyols 
for use in polyurethanes. Our polyols are available in a wide 
variety of equivalent weights and properties to allow for 
formulation flexibility. Processes using Terate polyols achieve 
the rigorous physical and flammability properties required in 
many rigid polyurethane (PUR) and polyisocyanurate (PIR) 
foams. The high aromaticity of Terate polyols, along with their 
m ' low cost, makes them extremely desirable for many applications. 

In flammability tests, PIR and PUR foams containing Terate 
polyols result in excellent char formation with minimal shrinkage 
and high weight retention.* In many formulations, the unique aromatic backbone of Terate 
polyols reduces or eliminates the need for expensive flame retardants. 

* As demonstrated in ASTM E-84 and Factory Mutual calorimeter testing with HCFC 141b, pentane, 
and partially water-blown foams. 

back to top 




A Leader in the Industry 

New product development, experienced technical service and computerized process control 
make KoSa's Terate polyols an industry leader. Market demands, such as blowing agent 
replacement and increased polyester polyol ratios, create challenges for foam formulators. 
KoSa's Terate professionals work proactively with customers and co-suppliers to develop 
optimal Terate-based PUR and PIR formulations. 

As the world's largest producer of dimethyl terephthalate (DMT) - the raw material source 
for Terate Polyols - we can ensure that our customers receive an uninterrupted supply of 
consistent, high-quality products. 

back to top 



Our Growth 
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Our Terate polyols were first produced in 1974 by Hercules at its 
Wilmington, NC, USA, site. Since 1989 when the current Terate 
team was formed, production has increased eight-fold and 
continues to increase at our newest production facility in 
Vlissingen, Netherlands. 

Although our name has changed over the years - from Hercules 
to Cape Industries to Hoechst Celanese, and now to KoSa - our 
commitment to polyester and new applications for Terate polyols 
has remained constant. With continued enhancements of our products, KoSa provides the 
best polyester polyols for many applications in the urethane industry. 

back to top 




Product Advantages 

KoSa Terate polyols are ultimately designed to give our customers greater flexibility and 
control with their products. Additionally, our experience and capabilities provide customers 
with: 



■ Industry-leading technical service in formulation and production 

■ Reliable supply of internal raw material available 

■ Computerized quality process control 

■ Excellent flame-resistance results 

■ Multi-property product line 

■ Consistent quality products 

■ Blowing agent compatibility 

■ Cost advantage over polyethers 

■ High aromatic content 

■ Good flow properties 

■ Uniform reactivity 



back to top 



Standard Product Information 




Terate polyols are available in the following basic series 
featuring a variety of options in color, viscosity, acidity, 
processability, hydroxyl value and functionality. This list includes 
typical property ranges for each series. Please refer to data 
sheets available from your KoSa representative for actual 
product specifications and applications. 
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Product 
Series 



Terate 
2000 



Terate 
2500 



Value Range 



Hydroxy! Average Specific 

Value Viscosity Acidity Equivalent Gravity 

(mgKOH/g) (cps@25°C) Functionality (mgKOH/g) Weight (g/ml) 



280-335 3,000-22,000 



0.5-4.0 



The original Terate polyol with high functionality use in bunstock, panel, 
pour-in-place, spray and foundry systems. Available in lower acid numbers. 



225 - 275 2,700 - 7,700 2.0 



0.4 - 2.0 



A polyol series with excellent flammability in polyisocyanurate foams with minimal 
shrinkage and high weight retention. In many formulations, the unique aromatic 
backbone reduces or eliminates expensive flame retardants. Used in laminate, 
panel, pour-in-place and spray systems. 



Terate 
3000* 



Terate 
4000* 



230 - 255 2750 - 7,500 



0.6-1.2 



A series of polyols developed for hydrocarbon blown foam applications with 
improved characteristics over the 2500 series. 



295-350 1,500-6,000 2,0-2.2 



0.2-1.5 



An amber polyol series used in appliance systems and for other low viscosity 
requirements. Similar to our 2000 serires, but with reduced viscosity. 

Phenrez®* 50- 100 700- 10,000 - 2.0- 10 - 1.13 

A dark, high-polar, liquid aromatic polyester resin used in foundries producing furan 
no-bake (FNB) resin systems. 



SEE MATERIAL SAFETY DATA SHEET FOR SAFETY INFORMATION. Because we cannot 
anticipate or control the many different conditions under which this information and our products may 
be used, we do not guarantee the applicability or the accuracy of this information or the suitability of 
our products in any given situation. Users of our^products should conduct their own tests to 
determine the suitability of each such product for their particular purposes. The products discussed 
are sold without warranty, either expressed or implied, and the buyer assumes all responsibility for 
loss or damage arising from the handling and use of our products. Additionally, statements 
concerning the possible use of our products are not intended as recommendations to use our 
products in the infringement of any patent. 

*Please check with a KoSa representative about availability in your area. 
back to top 



Guidelines for Storage and Handling 




Terate polyols can be stored and handled in tanks made of 
carbon steel, stainless steel, fiberglass or other conventional 
construction materials. Storage temperatures should be kept 
below 60°C (140°F) to maintain product integrity. Storage 
vessels and process tanks also should be protected with dry air 
[minimum 4.4°C (-40°F bulb)] or nitrogen to prevent uptake of 
atmospheric moisture. Please see the MSDS for specific details 
on handling individual products. 



back to top 



3 of 4 



4/7/03 9:06 AM 



polyol | KoSa | aromatic polyester... polyol-dimethyl terephthalate,DMT 



http://www.kosa.com/poly/specprod.htm 



Availability arid Reliability 

Terate polyols are shipped worldwide in lined, closed-head drums, tank trucks, and tank 
cars from KoSa's US and European facilities. Samples are available upon request. Our 
Terate polyol team will be glad to arrange a delivery system to best meet your needs. 

Terate® and Phenrez® are registered trademarks of KoSa. 

back to top 



Customer Service, Sales, and Technical Information 
Inside the United States, dial toll-free 1-800-562-0172 
Outside the United States, dial: 

North America, South America and Asia 

Customer Service 1-910-341-5947 

Fax 1-910-341-5951 

Europe, Africa and Middle East 

Customer Service 49(0)-69-305-14789 

Fax 49(0)-69-305-16315 

back to top 
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CORPORATION 

About Polvols 



Polyurethanes are based the exothermic reaction of polyisocyanates and polyol 
molecules. Many different kinds of polyurethane materials are produced from a 
few types of isocyanates and a range of polyols with different functionality and 
molecular weights. Some of the diversity of functionality depends on whether the 
polyols are based on polyether or polyesters. Condensation based polyols are used 
primarily in the construction and building industries for efficient insulation in 
roofs, wall cavities, and flooring. Polyether polyols are used in a wide range of 
rigid and flexible polyurethane applications, including energy saving refrigeration 
insulation, industrial sealants, cushion foam, and construction and building 
materials. 



Synair Corporation 
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2003 AmnicfllaHiah way 
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Polyether polyols contain the repeating ether linkage -R-O-R- and have two or 
more hydroxyl groups as terminal functional groups. They are manufactured 
commercially by the catalyzed addition of epoxies (cyclic ethers) to an initiator. 
The most important of the cyclic ethers by far are propylene oxide and ethylene 
oxide, with smaller quantities of butylenes oxide also being consumed. These 
oxides react with active hydrogen-containing compounds (called initiators), such 
as water, glycols, polyols and amines; thus, a wide variety of compositions of 
varying structures, chain lengths and molecular weights is theoretically possible. 
By selecting the proper oxide (or oxides), initiator, and reaction conditions and 
catalysts, it is possible to synthesize a series of polyether polyols that range from 
low-molecular-weight polyglycols to high-molecular-weight resins. Most 
polyether polyols are produced for polyurethane applications; however, other end 
uses range from synthetic lubricants and functional fluids to surface-active agents. 

Since these polymers contain repeating alkylene oxide units, they are often 
referred to as polyalkylene glycols or polyglycols. The terms polyglycol and 
polyether polyol are used interchangeably; however, the term polyalkylene glycol 
is used when these types of products are used in nonpolyurethane applications. 
The physical properties of the polyols are influenced primarily by the functionality 
of the initiator molecules and by the type and quantity of alkylene oxide and 
hydroxyl groups present in the polyol. In general, the functionality of the polyether 
is carried over from the functionality of the initiator used. 

Two types of urethane polyols are prepared from propylene oxide. The first type 
results from the reaction of propylene oxide with compounds having an active 
hydrogen (usually donated by a hydroxyl or amine group); these polymers are 
typically atactic. Polymers of the second type are essentially those of propylene 
oxide itself and are commonly called polypropylene oxide or polypropylene 
glycol; they are in most cases isotactic. Mixtures of atactic and isotactic polymers 
may also occur. 

The following table lists most of the major commercially available polyether 
polyol types used in urethane manufacture, plus the initiators and cyclic ethers 
(oxides) used in their preparation: 

Selected Commercial Polyether Polyols and Reactants 
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Initiator 


CycIicEffier 


Difunctional 

9 Polypropylene Glycol (PPG) 

*§ Polyethylene Glycol (PEG) 

n| Polyoxypropylene-Polyoxy-ethylene 

Block Copolymer 
m§ Polytetramethylene Ether Glycol 

(PTMEG) 

ArfYriifltir Dir»1 

%m Amine Adducts i 


E9 Water or propylene 

glycol 
9 Water of ethylene 

glycol 
9 Water, propylene 

glycol or glycerin * 
IS Water 

9 Bisphenol A 
H§ Primary 

monoamines ** 


■y Propylene oxide 
g Ethylene oxide 
m§ Propylene oxide 

and ethylene 

oxide 

«§ Tetrahydrofurarij 

3H Propylene oxide 

or ethylene 

oxide 
m$ Propylene oxide 

or ethylene 

oxide 


Tnfunctional 

gap Glycerin Adduct 
a§ Trimethylolpropane Adduct 
Trimethylolethane Adduct 


Glycerin 
^ Trimethylolpropane 
eg Trimethylolethane 


H§ Propylene oxide 
Propylene oxide 
S Propylene oxide 


Tetrafunctional 

mm Pentaerythritol Adduct 
S Ethylenediamine Adduct 
g$ Phenolic Resin Adduct 
H§ Methyl Glucoside Adduct 


||§ Pentaerythritol 
g Ethylenediamine 
g Phenolic resin 
Methyl Glucoside 


g Propylene oxide 
gap Propylene oxide 
9 Propylene oxide 
9 Propylene oxide 


Pentafunctional 

9 Diethylenetriamine Adduct 


13 Diethylenetriamine 


§H Propylene oxide 


Hexafunctional 


51 Sorbitol 


sag Propylene oxide 
or ethylene 
oxide 


bs§ Sorbitol Adducts 


Octafunctional i 


sua Sucrose 


H§i Propylene oxide ; 


q Sucrose Adducts 



* Other compounds, including trimethylolpropane, trimethylolethane, pentaerythritol, 
ethylenediamine, sorbitol and sucrose, can also be used as initiators for block copolymers based on 
propylene oxide and ethylene oxide. 



** Primary monoamines include aniline, cyclohexylamine and others. The compositions made 
from these amines and oxides are principally surface- active agents. 

During the late 1980s, the polyurethane industry was faced with a major change in 
manufacturing practice to reduce foam blowing using chlorofluorocarbons 
(CFCs). The once widely used CFC-1 1 (CCbF) and, to a lesser extent, CFC-12 
(CCI2F2), have been replaced with other blowing agents such as 
hydrochlorofluorocarbons (HCFCs) or other nonfluorocarbon-based blowing 
agents that have lower ozone depletion potentials. For some time, scientific data 
have shown that these "hard" fluorocarbons (they do not decompose) are the cause 
of an increasing depletion of the ozone layer above the earth's atmosphere. 

The industry is working with two HCFCs: CI2FCH3, called HCFC-141b, and 
CHCI2CF3, called HCFC-123. These materials decompose, permitting the 
production of polyurethane foams with acceptable performance characteristics, but 
they are more expensive than the hard fluorocarbons they are designed to replace. 
Commercial quantities of some of the new HCFCs have been available since 1992. 

The industry has responded with the development of new manufacturing methods, 
machinery and auxiliary blowing agents to replace conventional fluorocarbon 
blowing agents. Flexible foam is produced using a water-blown 
technology — where the foam is blown by carbon dioxide gas generated when 
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water in the formulation reacts with toluene diisocyanate. Methylene chloride, 
acetone or hydrocarbons are sometimes used to replace some of the fluorocarbon. 
Rigid foams now use formulations with HCFCs replacing CFC-11. 

MANUFACTURING PROCESSES 
POLYOLS BASED ON PROPYLENE OXIDE 

Polyether polyols based on propylene oxide (PO) are produced by the 
base-catalyzed reaction of propylene oxide with an initiator compound having 
active hydrogens (e.g., hydroxyl or amine groups). When small quantities of 
ethylene or other alkylene oxides are also present, block copolymers are produced. 

Potassium hydroxide is the basic catalyst most often employed. The initiator used 
depends on the type of polyurethane (i.e., flexible, rigid or nonfoam) to be 
produced from the polyhydric alcohol. This reaction is carried out by a 
discontinuous batch process at elevated temperatures and pressures and under an 
inert atmosphere (i.e., under a nitrogen blanket). After the desired degree of 
polymerization has been achieved, the catalyst is neutralized and removed by 
filtration. The polyol is subsequently purified and additives such as antioxidants 
are added. 

Simplified reaction equations for the major polyurethane polyether polyols are 
illustrated below. 

POLYPROPYLENE GLYCOL (PPG) 



CH Z CH 3 
I I 
HOCHCH 2 OH + nH 2 C s -CH 

0 



I I 

HOCHCH2fOCH 2 CH) n OH 



propylene 
glycol 

molwt: 76.1 

Polyol Adducts 



propylene 
oxide 

58.1 



polypropylene glycol 
(PPG) 

4004.000 



CH 2 OH 
I 

CHOH + 
I 

CH 2 OH 



I 

n H 2 C— CH 



base 



catalyst 



CH^CHjCHG^H 

CH 3 
I 

CHO(CH£HOyH 

CH 3 
I 

CH20(CH 2 CHOiH 



glycerin 
molwt: 92.1 



propylene 
oxide 

58.1 



glycerin add uct 
(n = x + y + z) 

400-5,000 
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The manufacture of other polyol adducts (pentaerythritol, trimethylolpropane, 
trimethylolethane, sucrose and sorbitol) is similar to the above process. The 
manufacture of corresponding amine adducts generally follows the same process. 

Block Copolymers 

Block copolymers are commercially available that are initiated with glycerin, 
trimethylolethane, trimethylolpropane, pentaerythritol, sorbitol, sucrose and 
several other compounds. They are based almost entirely on propylene oxide; 
however, the secondary hydroxyl groups are capped with ethylene oxide to yield 
terminal primary hydroxyl groups. Since primary hydroxyl groups are more 
reactive than secondary hydroxyl groups, these polyols are more reactive with 
isocyanates. 

Block copolymers can be represented by the general formula shown below, where 
the initiator is a polyhydric alcohol (pentaerythritol initiator is shown below). 



Small quantities of mixed and alternating block copolymers are also produced. In 
these block copolymers the ethylene oxide is incorporated into the alkylene oxide 
chains. These products may also be end-capped with ethylene oxide. 

Tetrafunctional block copolymers initiated with ethylenediamine are also 
commercially available. The amine is reacted with propylene oxide to yield the 
totally hydroxypropylated ethylenediamine, which is further reacted with 
propylene oxide and then with ethylene oxide to form the desired polyether polyol. 

MODIFIED POLYOLS BASED ON PROPYLENE OXIDE 
Polymer Polyols 

Polymer polyols are also referred to as graft polymer polyols, graft polyols, or 
copolymer polyols; all of these terms are used to describe products that are 
basically stable dispersions of vinyl polymers in polyols. Polymer polyols are 
produced by the in-situ polymerization of a vinyl monomer in a base polyol. 

The base polyol is typically a glycerin-initiated triol that has been end-capped with 
ethylene oxide (approximately 80-85% primary hydroxyl groups). Styrene and 
acrylonitrile are the vinyl monomers most often used. The styrene-acrylonitrile 
copolymers are chosen because in the preparation of graft polyols, 
acrylonitrile — due to its grafting tendency — provides a very important linkage 
between the vinyl polymer chain and the polyol chain. In addition to the graft 
copolymerates, the polymer polyol contains the homopolymers of styrene and 
acrylonitrile dispersed in unaltered polyether polyols. The styreneacrylonitrile 
solids content of the polyol ranges from 5% to 45%. The solids content of the 
polyol depends on the end-use market; those having a high solids content are used 



CHpCCH^HOyCH^Hp^H 

?H 3 CH 3 

I I 

H^OCH 2 CH 2 y ( OCHCH2)OCH 2 — C — CH 2 0(Chy:HO) x (CH2CH2O) y .H 



CH 2 0(CH2CHO) x (CH 2 CH 2 0) / H 
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in carpet underlay while those having a lower solids content are used principally 
for molding applications such as automobile seating and furniture. Polymer 
polyols may be used alone but are typically used in blends with other highly 
reactive polyols in the production of high-resilience (HR) flexible foams. The 
principal benefits derived from the use of these materials are improved 
processing — due largely to a "cell opening" effect in HR applications — and 
enhancement of modulation, which in foams is measured as load bearing. Polymer 
polyols alone or in blends with conventional polyols permit the production of a 
range of foams with medium to high load-bearing properties. BASF, Dow, 
Lyondell Chemical and Olin are the primary producers of polymer polyols in the 
United States. 




Polyurea Polyols 

Another technically important group of modified polyols based on propylene 
oxide are the polyurea polyols, also known as PHD polyethers. Polyurea polyols 
are produced by the in-situ polyaddition reaction of isocyanates with amines in a 
base polyol. The isocyanate reacts more quickly with amines than polyols. 
Consequently, the isocyanate preferentially reacts with the amine (e.g., hydrazine) 
to form a urea group; the polyol functions only as a dispersion medium. The 
concentration of solids is limited by the viscosity of the product. However, 
polyurea solids content of 20-40% can usually be achieved. Polyurea polyols are 
used in blends with other highly reactive polyols in the production of HR foams 
and for reaction injection-molded (RIM) applications. Bayer is a producer of 
polyurea polyols in the United States. 

POLYOLS BASED ON TETRAHYDROFURAN 

Polytetramethylene ether glycol (PTMEG) of 650-2,000 molecular weight is 
prepared by the Lewis acid catalyzed polymerization of tetrahydrofuran. 



H2C Ch 1 



2 



HsO + n "I I " 1**;*^ V 



catalyst » HO(CHpK£H£4AH 



polytetramethylGn© 
tetrahydrofuran ether glycol 

molwt: 72.1 6OO-3.O0O 



PTMEG is, depending on its molecular weight, a liquid or a white waxy solid that 
melts to a clear liquid at 38°C (100°F). BASF Corporation, DuPont and QO 
Chemicals are the producers of PTMEG in the United States. The product is used 
in polyurethane elastomers and spandex fibers. 

ENVIRONMENTAL ISSUES 

Polyether polyols do not present an industrial hygiene problem, when used 
according to the relevant regulations. However, environmental issues are 
increasingly important in the polyurethane and polyurethane raw materials 
businesses. The industry has had to find replacements for HCFC blowing agents. 
It is now addressing the recyclability and reclaimability of used products. Some of 
the developing processes produce recovered polyols from polyurethane wastes. 

© 1999 by the Chemical Economics Handbook— SRI International 
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1. Primary eliphatio 
polyaraise***- " 


Low-viseoeity liquids; dis- 
agreeable odor; irritating 
vapor; akin eeati Users. 


Promote rapid cure at R. T., 
with abort pot life and 
high exo therm | pcatcur- 
Ing increases heat-defleo- 
tion temperature; im- 
proves ohemleal resistance 
and electrical properties. 


Dlethylem triamine 
Tri ethylene tetramlne 
Diethylaminopropyi amine 

Dimethyiaminoproprl- 
amine 


13 ■ 

ia 

8 
4 


29 mln 

80 min 
ET (6 hr not eared) 
Cure: 2 hrs— 2S0*F 
Gel: e hr 

Cure: 2 hrs— 2S0*F 


C« 
248 
248 
210 

248 


3. Modified primary 
aliphatic pclyamines 


Iiqaida with viscosities 
similar to conventional 
resins; odor leas noxious 
than No. If lower akin- 
sensitising potential than 
No. 1. 


Prot ide more convenient 
mixing ratioa; faster cur» 
ing, eomewhat lower Irrl- 
tatton potential; lower 
Tapor pi ess ui e; tend to 
reduce physical 4 chemi- 
cal properties. 


Amine resirj addnet 
Amine ethylene oxide ad- 
duct 

Cyanoethyiaticn product 
Amine phenol (proprietary 
mixture) 


34 

30 . 

33.6 
10.6 


18 mln 

43 mln 
11 min 
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189 
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8. Cyclic aliphatic 


Low-riacodty liquids; vary 
from mfld to strong 


Long pot life; low exotherm 
possible; posteure usually 
. required. 


Piperidene 

tf-amlnoethyl piperaslne 


10 
18 


Thick gel: 2-0 hr 
Set: 82-48 hr 
18 min 


183 

233 


4. Aromatic amines 


Solids (some proprlataxy 
aromatio aminea an liq- 
nidi) ; irritating Tapor. 


Higher heat deflection tem- 
peratures than aliphatlo 
amines; can be used for 
B-ataging. 


Uetapnenylese diamine** 
Diamtno di phenyl sulf one 1 * 
Dieyandiamlde (with aolid 
resins) 
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80 
4 


6-18 hr 
Cure: 1 hr-800*P 
Cure: H hr-846-P 
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6. Tertiary amines 


Low-viacceity liquids; mild 
odor; low skin-eensi Using 
potential. 


Long pot lives ; ess bo used 
as accelerators for poly- 
amide and anhydride 


Dimethylamino ethanol 
Bensyldimethyl amino 


4 
9 


Thick geh 4-6 hr 
Set: 6-16 hr 
Thick gel:6hr 
Set: 0-16 hr 
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186 


6. Latent earing agents 


Liquids * w d solids. 


Long pot lives; cure acti- 
vated by beat. 


Boron trifluorido-mcno- 
etayl amine complex 

Triethanol amino borate 


2-4 


7 to 80 days 
Cure: 1 hr— 2S0*P 


S38 


7. Polyamidea*. » 
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when cured. 


Reaction product of ethyl- 
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64 
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8. Acid anhydrides" - 
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Solids or liquids; corrosive 
and some are lachryma- 
tory, bat have low skin- 

' sensitising potential. 


High heat-deflection tem- 
peratures; high-tempera- 
tore resistance; superior 
electrical properties; re- 
quire elevated tempera* 
tore cores. 
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Mal«lo anh. 
Dodecytsucclnlo anh. 
Chiorendie anh. 
PyTomellitio dlanhydride** 
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Nadio methyl anh. 
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856 
892-500 

424 
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